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demarcates a device region of the semiconductor subsirate, and where the device region has a |

1802 —~4-  first top comer and a second top corner that are hine-shaped and that extend laterally 1o

parallel from a first end of the device region to a second end of the device region (See, €.2.,
Figs. $A-8D)

Y

1804 —1- Form a well in the device region {See, e.g., Figs. 9A-9D)

region, where a planar top layout of the plate defines a patr of lateral plate openings

1806 —L respectively on the first end of the device region and the second end of the device region,

spaced from the first and second top corners, and further defines a lateral gate openingon a

side of the device region, laterally spaced from and between the lateral plate openings (See,
e.g., Figs. 10A-10D and 11A-11D)

v

‘g e g e e g - - g e e e - e e e e g g g e e - g e g e g e g gt ager g g uger g g g uger ger g uger- fager g g ager-tager g ager fger fagr-fage-tager fger g ager tger S g ager g tger g ager g g g fger-fger- g uger-fager fager-fager g fge— fagr-age— tger g g g g g ager g g g gt g uger-fger g nge-tager fogel g tager tger g ager- g g g g g g g gt g uger fge— g gty foge— fage-age— tger fager-ager g g g ager g g g gt g ager-fge— g gty foger fage-tage— tger feger-ager g g g ager- g g nger- g g g eger-fger g gty feger-age-ager tge— g ager- g g g ager g g g g g g eyt g nge-tge— fage—-age-ager tge— fagr-age— g g g g g g nger- g fuger

1808 —~-through the lateral plate and gate openings, and further fornm a lightly-doped gate extension in
the device region, through the lateral gate opeming (See, e.g., Figs. 12A-121))

1810 —4 Form a spacer lining sidewalls of the plate and enclosing the plate (See, e.g., Figs. 13A-13D)

_________________________________________________________________________________________________ R

1812 —L openings and respectively overl ap:pti'iig the hightly~doped source/drain extensions, and further
form a tfirst doped region and a third doped region 1n the plate (See, e.g., Figs. 14A-14D)

‘g - e e g - e e - e e - e e e - e e g g g e g - g g g - g g - g g g - g g g g g fger- g -t g mger-ager S fager- g tager feger- g g g g ager fger g g gt ager fge— g nge-ager fge— fagr-age— g fager-ager- g g g e g g g gt g uger-fge— fager-fager tager fge— g ager tager S-S g tger g ager- g g g age— g g uger-fger g nge-tager feger-fage-ager tger g ager- g g g ager g g g g g g uger-fger g nge-tager fage— fage-age— tger feger-ager g tger- g ager g g g g g g uger-fger g nge-tger fager-fage-tage— tge— g ager- g g g ager g g g g g g ager-fger g nge-tger fager-fage-ager foge— fagr-age— g g g g g g ager- g g g gt g

respectively overlapping the hightly-doped gate extension, and further form a second doped
" region in the plate between the first doped region and the third doped region (See, ¢.g., Figs.
1SA-15D)

v

Form sthicide layers on the sonrce/drain regions, the gate region, and the plate (See, e.g., Figs.

[6A-16D)
v

Form an mterlayer dielectric (1ILD) layer covenng the source/drain regions, the gate region,
the 1solation siructure, the semiconductor substrate, and the plate (See, e.g., Figs. 17A-17D)

1814 —

1816

1818

Form contact vias extending through the ILD layer to the sibicide layers and the plate (See,

820 —4- '
1820 e.g., Figs. 17A-17D)

Fig. 18
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PLATE DESIGN TO DECREASE NOISE IN
SEMICONDUCTOR DEVICES

BACKGROUND

Semiconductor devices are electronic components that
exploit electronic properties of semiconductor matenals to
allect electrons or their associated fields. A widely used type
of semiconductor device 1s a field-eflect transistor (FET). A
FET comprises a pair of source/drain regions, a selectively-
conductive channel, and a gate electrode. FETs are versatile
devices that may be used for, among other things, switches,
amplifiers, and memory. Examples of FETs include metal-
oxide-semiconductor field-eflect transistors (MOSFETS)
and junction gate field-eflect transistors (JFETs).

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the
accompanying figures. It 1s noted that, 1n accordance with
the standard practice in the industry, various features are not
drawn to scale. In fact, the dimensions of the wvarious
features may be arbitrarily increased or reduced for clarity of
discussion.

FIGS. 1A-1D illustrate various perspective views of some
embodiments of a field-effect transistor (FET) with low
flicker and random telegraph noise.

FIGS. 2A-2C and 3A-3C illustrate various views of
various more detailed embodiments of the FET of FIGS.
1A-1C 1 which the FET 1s a metal-oxide-semiconductor
FET (MOSFET).

FIGS. 4A-4D through 7A-7D 1llustrate various views of
various more detailed embodiments of the FET of FIGS.
1A-1C 1 which the FET 1s a junction gate FET (JFET).

FIGS. 8A-8D through 17A-17D 1illustrate a series of
views ol some embodiments of a method for forming a FET
with low flicker and random telegraph noise.

FIG. 18 illustrates a flowchart of some embodiments of
the method of FIGS. 8 A-8D through 17A-17D.

DETAILED DESCRIPTION

The present disclosure will now be described with refer-
ence to the drawings wherein like reference numerals are
used to refer to like elements throughout, and wherein the
illustrated structures are not necessarily drawn to scale. It
will be appreciated that this detailed description and the
corresponding figures do not limit the scope of the present
disclosure 1 any way, and that the detailed description and
figures merely provide a few examples to illustrate some
ways 1n which the mventive concepts can manifest them-
selves.

The present disclosure provides many different embodi-
ments, or examples, for implementing different features of
this disclosure. Specific examples of components and
arrangements are described below to simplity the present
disclosure. These are, of course, merely examples and are
not intended to be limiting. For example, the formation of a
first feature over or on a second feature in the description
that follows may include embodiments 1n which the first and
second features are formed 1n direct contact, and may also
include embodiments 1n which additional features may be
formed between the first and second features, such that the
first and second features may not be i1n direct contact. In
addition, the present disclosure may repeat reference numer-
als and/or letters 1n the various examples. This repetition 1s

10

15

20

25

30

35

40

45

50

55

60

65

2

for the purpose of simplicity and clarnty and does not 1n 1tself
dictate a relationship between the various embodiments
and/or configurations discussed.

Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper’ and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as 1illustrated in the figures. The spatially relative terms are
intended to encompass different orientations of the device in
use or operation in addition to the orientation depicted in the
figures. The apparatus may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly.

Some field-eflect transistors (FETs) comprise a semicon-
ductor substrate and a shallow trench 1solation (STI) struc-
ture. The STI structure 1s over and sunken into the semi-
conductor substrate to demarcate a device region of the
semiconductor substrate. Further, the FET comprises a pair
ol source/drain regions, a selectively-conductive channel, a
gate dielectric layer, and a gate electrode. The source/drain
regions are laterally spaced, and are over and recessed 1nto
the device region of the semiconductor substrate. The selec-
tively-conductive channel i1s 1n the device region of the
semiconductor substrate and extends from one of the source/
drain regions to another one of the source/drain regions. The
gate dielectric layer overlies the selectively-conductive
channel, and the gate electrode overlies the gate dielectric
layer.

A challenge with the above FETs 1s flicker noise and
random telegraph noise (RTN). One source of flicker and
random telegraph noise 1s defect states at an interface
between the gate dielectric layer and the device region of the
semiconductor substrate. As current flows through the selec-
tively-conductive channel, carners are trapped and
de-trapped by the defect states, thereby generating the flicker
and random telegraph noise. The trapping and de-trapping
occurs at a central portion of the selectively-conductive
channel that interfaces with the gate dielectric layer. Further,
the trapping and de-trapping occurs at a pair of STI corners
at peripheral portions of the selectively-conductive channel.
The STI corners are top cross-sectional corners of the
semiconductor substrate that interface with the gate dielec-
tric layer and the STI structure in the device region of the
semiconductor substrate. Further, the STI corners are
respectively on opposite sides of the selectively-conductive
channel, and each extends laterally along a length of the
selectively-conductive channel from one of the source/drain
regions to another one of the source/drain regions. The STI
corners have a high amount of defect states because the STI
corners have high mechanical stress and are not defined by
perfectly planar surfaces. Further, electric fields are strong at
the STI corners because the STI corners have small radiuses
of curvature. This, 1n turn, leads to high trapping and high
de-trapping at the STI corners.

A partial solution to the challenge 1s to move the source/
drain regions from the STI corners using a photoresist mask.
For example, a photoresist mask may be formed on the
device region of the semiconductor with a pair of source/
drain openings that overlap the device region and that are
spaced from the STI corners. Ion implantation may then be
performed into the device region of semiconductor sub-
strate, through the photoresist mask, to form the source/drain
regions spaced from the STI comers. By spacing the source/
drain regions from the STI corners, current flow along the
STI corners 1s reduced, thereby reducing flicker and random
telegraph noise generated at the STI corners. However, the
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partial solution does not address flicker and random tele-
graph noise generated by current tflow along the central
portion of the selectively-conductive channel. Further, using
the photoresist mask to move the source/drain regions leads
to poor performance uniformity during bulk manufacture,
and leads to challenges during silicide formation. For
example, 1t may be challenging to prevent silicide from
forming on the device region, directly between the source/
drains and the STI corers.

In view of the foregoing, various embodiments of the
present application are directed toward a FET comprising a
plate design that reduces noise, as well as method for
forming the FET. In some embodiments, the FET comprises
a semiconductor substrate, an 1solation structure, a first
source/drain region, a second source/drain region, a selec-
tively-conductive channel, and a plate. The semiconductor
substrate comprises a device region. The 1solation structure
extends laterally 1n a closed path to demarcate the device
region. The first source/drain region and the second source/
drain region are 1n the device region and are laterally spaced.
A sidewall of the first source/drain region directly contacts
the i1solation structure at a first 1solation structure sidewall,
and remaining sidewalls of the first source/drain region are
spaced from the 1solation structure. A sidewall of the second
source/drain region directly contacts the 1solation structure
at a second 1solation structure sidewall, and remaining
sidewalls of the second source/drain region are spaced from
the 1solation structure. The selectively-conductive channel 1s
in the device region, and extends laterally from the first
source/drain region to the second source/drain region. The
plate comprises a central portion and a first peripheral
portion. The central portion overlies the selectively-conduc-
tive channel, and the first peripheral portion protrudes from
the central portion towards the first 1solation structure side-
wall.

During formation of the FET, 1on implantation may be
performed 1nto the semiconductor substrate with the plate in
place, such that the plate serves as a mask and the source/
drain regions are self-aligned to the plate. Therefore, the
planar top layout of the plate facilitates formation of the
source/drain regions with the remaining sidewalls spaced
from the 1solation structure. As a result of the spacing, the
source/drain regions are spaced from defect states at STI
corners extending from the first 1solation structure sidewall
to the second 1solation structure sidewall. This reduces
source-drain current floating along the STI corners, which
reduces carriers becoming trapped and de-trapped by defects
states at the STI corners. Accordingly, thicker and random
telegraph noise 1s reduced.

In some embodiments, the plate further comprises doped
regions varying the work function of the plate, thereby
pushing source-drain current deeper into the device region
of the semiconductor substrate. Accordingly, less current
flows along the top surface of the device region of the
semiconductor substrate, thereby reducing charge carriers
becoming trapped and de-trapped by defect states at a top
surface. This, 1n turn, reduces flicker and random telegraph
noise generated by the defect states.

With reference to FIGS. 1A-1D, various perspective
views 100A-100C of some embodiments of a FE'T with low
flicker and random telegraph noise 1s provided. FIG. 1A 1s
a deconstructed perspective view 100A of the FET, FIG. 1B
1s another deconstructed perspective view 1008 of the FET,
FIG. 1C 1s a constructed perspective view 100C of the FET,
and FIG. 1D 1s a constructed perspective view 110D of an
alternative embodiment of the FET. FIG. 1A 1s “decon-
structed” 1n that a plate dielectric layer 102 (also called a
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4

gate dielectric layer in MOSFETs) and a plate 104 (also
called a gate in MOSFFETSs) are separated from a semicon-
ductor substrate 106 and an 1solation structure 108 on which
the plate dielectric layer 102 and the plate 104 normally rest.
FIG. 1B 1s “deconstructed” 1n the same manner as FIG. 1A,
except the 1solation structure 108 1s further separated from
the semiconductor substrate 106 on which the 1solation
structure 108 normally rests. The FET may be, for example,
a metal-oxide-semiconductor field-effect transistor (MOS-
FET) or a junction gate field-eflect transistor (JFET).

As 1llustrated, the i1solation structure 108 1s over and
extends 1nto the semiconductor substrate 106 to delineate a
device region 112 of the semiconductor substrate 106. In
some embodiments, the 1solation structure 108 has a gen-
erally ring-shaped layout, and/or defines a device-region
opening 1080 (see FIG. 1B) filled by the device region 112.
A “generally” ring-shaped layout 1s similar to a ring-shaped
layout, except 1t 1s not limited to circular mner and outer
sidewalls. For example, a generally ring-shaped layout may
be a square ring-shaped layout. The 1solation structure 108
may be, for example, a STI region or a deep trench 1solation
(DTI) region. The semiconductor substrate 106 may be, for
example, a bulk semiconductor substrate, such as a bulk
silicon substrate of monocrystalline silicon.

A pair of source/drain regions 114 1s over and 1n the
device region 112, and the source/drain regions 114 are
laterally spaced. Further, the source/drain regions 114 are
respectively on a first end of the device region 112 and a
second end of the device region 112 opposite the first end.
A selectively-conductive channel 116 1s defined by a bulk of
the device region 112, laterally between the source/drain
regions 114. Further, the selectively-conductive channel 116
extends from one of the source/drain regions 114 to another
one of the source/drain regions 114, along a top surface of
the device region 112. In some embodiments where the FET
1s a MOSFET, the source/drain regions 114 and the bulk of
the device region 112 are doped regions of the semiconduc-
tor substrate 106 having opposite doping types. For
example, the device region 112 may be p-type and the
source/drain regions 114 may be n-type, or vice versa. In
some embodiments where the FET 1s a JFET, the source/
drain regions 114 have the same doping type as the bulk of
the device region 112, and further have a higher doping
concentration than the bulk of the device region 112. Fur-
ther, the source/drain regions 114 are each spaced from and
laterally between two 1solation corners 106c¢.

The 1solation corners 106c¢ are top cross-sectional corners
of the semiconductor substrate 106 that are i the device
region 112 and that border the isolation structure 108.
Further, the isolation corners 106c¢ are line shaped and
extend laterally 1n parallel with the selectively-conductive
channel 116, from the first end of the device region 112 to
the second end of the device region 112. In some embodi-
ments, the 1solation corners 106¢ have the same lengths or
have substantially the same lengths. Further yet, the 1sola-
tion corners 106¢ are on opposite sides of the device region
112, such that the source/drain regions 114 are each directly
between the 1solation corners 106¢. In some embodiments,
the 1solation corners 106¢ are each at a location at which a
top surface edge of the device region 112 meets a sidewall
surface edge of the device region 112, where the sidewall
surface of the sidewall surface edge borders and/or adjoins
the 1solation structure 108. Further, 1n some embodiments,
the 1solation corners 106¢ directly contact the plate dielectric
aver 102.

By spacing the source/drain regions 114 from the 1solation
corners 106¢, the flicker and random telegraph noise of the




US 10,658,482 B2

S

FET 1s reduced. Namely, the spacing increases the resistance
from the source/drain regions 114 to the i1solation corners
106¢, such that a low amount of source-drain current flows
through the 1solation comers 106c. This, 1n turn, reduces
carriers being trapped and de-trapped at the 1solation corners
106¢, thereby resulting 1n low flicker and random telegraph
noise. As noted above, the 1solation corners 106¢ have a high
amount ol defect states because the 1solation corners 106c¢
have high mechanical stress and are not defined by pertectly
planar surfaces. Further, as noted above, the 1solation cor-
ners 106¢ have small radiuses of curvature that promote high
clectric fields.

The plate dielectric layer 102 and the plate 104 are
stacked, such that the plate 104 overlies the plate dielectric
layer 102. Further, the plate dielectric layer 102 and the plate
104 overlie the device region 112 of the semiconductor
substrate 106, as well as the 1solation corners 106¢. The plate
104 and, 1n some embodiments, the plate dielectric layer 102
comprise peripheral plate portions 117p that protrude from
a central plate portion 117¢. The peripheral plate portions
117p respectively cover the isolation corners 106¢, and
extend laterally in parallel with the 1solation corners 106c¢
and the selectively-conductive channel 116. The central
plate portion 117 ¢ covers the selectively-conductive channel
116, and extends laterally from one of the peripheral plate
portions 117p to another one of the peripheral plate portions
117p.

In some embodiments, the plate dielectric layer 102 and
the plate 104 completely cover the 1solation corners 106c.
Further, 1n some embodiments, the plate dielectric layer 102
and the plate 104 have the same layout, and/or sidewalls of
the plate dielectric layer 102 are aligned to sidewalls of the
plate 104. Further vet, in some embodiments, the plate
dielectric layer 102 and/or the plate 104 each have an
H-shaped top layout. Further yet, the plate dielectric layer
102 and/or the plate 104 have a width W that 1s substantially
perpendicular to the 1solation corners 106¢, and have a
length L that 1s substantially parallel to the 1solation corners
106c. The plate dielectric layer 102 may be, for example,
silicon dioxide, silicon nitride, a high k¥ dielectric, some
other dielectric, or any combination of the foregoing. As
used herein, a high K dielectric layer 1s a dielectric with a
dielectric constant K greater than about 3.9, 5, 10, 15, or 20.
The plate 104 may be, for example, doped polysilicon,
metal, or some other conductive material.

In some embodiments, the plate 104 comprises a first
doped region 104a, a second doped region 1045, and a third
doped region 104c¢. The first doped region 104a and the third
doped region 104¢ have the same doping type and may, for
example, also have the same doping type as the source/drain
regions 114. The first doped region 104q and the third doped
region 104¢ may, for example, be n-type or p-type. The
second dope region 1045 1s disposed between the first doped
region 104a and the third doped region 104¢ and comprises
a second doping type opposite the first doping type. For
example, 1n an n-channel MOSFET, the first doped region
1044 and the third doped region 104¢ comprise n-type doped
polysilicon and the second doped region 1045 comprises
p-type doped polysilicon. As another example, in a p-chan-
nel MOSFFET, the first doped region 104a and the third
doped region 104¢ comprise p-type doped polysilicon and
the second doped region 1046 comprises n-type doped
polysilicon.

The second doped region 1045 1s within the central plate
portion 117¢, and extends laterally along the width W of the
plate 104. In some embodiments, the second doped region
10456 1s limited to the central plate portion 117¢. For
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6

example, the second doped region 1045 may extend laterally
along the width W of the plate 104 from one of the
peripheral plate portions 117p to another one of the periph-
eral plate portions 117p, and may be sandwiched between
the peripheral plate portlons 117p In other embodiments,
the second doped region 1045 1s in both the central plate
portion 117¢ and the penpheral plate portions 117p. For
example, the second doped region 1045 may extend laterally
along the width W of the plate 104 from a sidewall of the
plate 104 to another sidewall of the plate 104. In some
embodiments, the second doped region 1045 1s spaced from
sidewalls of the plate 104 overlying the selectively-conduc-
tive channel 116, and/or has a planar top layout that 1s line
shaped.

The first doped region 104a and the third doped region
104¢ are within the peripheral plate portions 117p. In some
embodiments, the first and third doped regions 104a, 104¢
are limited to the peripheral plate portions 117p. In other
embodiments, the first and third doped regions 104a, 104¢
are also 1n the central plate portion 117¢. For example, the
first doped region 104a and the third doped region 104¢ may
cach have a U-shaped top layout spanning the peripheral
plate portions 117p and the central plate portion 117¢. In
some embodiments, the first doped region 104a and the third
doped region 104¢ are separated by the second doped region
1045. As illustrated 1n FIG. 1D, 1n other embodiments, the
first doped region 104a and the third doped region 104c¢
directly abut in the peripheral plate portions 117p, and/or
collectively extend laterally 1n a closed path to completely
enclose the second doped region 1045.

By doping the first doped region 104a and the third doped
region 104¢ with the same doping type as the source/drain
regions 114 and the second doped region 1045 with a
different doping type, the flicker and random telegraph noise
of the FET may be kept low. Namely, the arrangement and
doping types of the first, second, and third doped regions
104a, 1045, 104¢ alters the work function of the plate 104
to drive source-drain current flow deeper 1nto the semicon-
ductor substrate 106, thereby moving the current flow away
from defect states at an interface between the device region
112 of the semiconductor substrate 106 and the plate dielec-
tric layer 102. This, 1n turn, reduces trapping and de-trapping
of carriers at the defect states, which leads to low flicker and
random telegraph noise.

A pair of lateral plate openings 118 1s defined by the plate
104 and, in some embodiments, the plate dielectric layer
102. The lateral plate openings 118 extend vertically through
the plate 104, from top to bottom, and extend laterally into
sides of the plate 104. The lateral plate openings 118 are
cach laterally between and spaced from the 1solation corners
106¢. In some embodiments, the lateral plate openings 118
are at a width-wise center of the plate 104 (i.e., at a center
of the width W of the plate 104). Further, the lateral plate
openings 118 are respectively on opposite sides of the plate
104 and respectively overlie the source/drain regions 114. In
some embodiments, the lateral plate openings 118 are lat-
erally spaced along the length L of the plate 104. Further, 1n
some embodiments, the lateral plate openings 118 each have
a side that 1s open, and three sides defined by the plate 104
and, 1n some embodiments, the plate dielectric layer 102.

In some embodiments, by having the lateral plate open-
ings 118 in the plate 104, and the peripheral plate portions
117p covering the 1solation corners 106¢, the plate 104 may
be employed as a mask to form the source/drain regions 114
spaced from the 1solation corners 106c¢ 1n a planar top layout
of the FET. This, 1n turn, allows a low cost, low complexity
process for reducing flicker and random telegraph noise
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since the same photomask used to pattern the plate 104 may
also be used to reduce tlicker noise.

With reference to FIGS. 2A-2C and 3A-3C, various views
ol various more detailed embodiments of the FET of FIGS.
1A-1C are provided in which the FET 1s a MOSFET. Figures
having a suflix of “A” (e.g., FIG. 2A) are top layout views
of some embodiments of the MOSFET. Figures having a
sullix of “B” (e.g., FIG. 3B) are cross-sectional views of
some embodiments of the MOSFFET, taken along line A-A'
in the figures having a suihix of “A.” Figures having a suihix
of “C” (e.g., FIG. 2C) are cross-sectional views ol some
embodiments of the MOSFET, taken along line B-B' 1n the
figures having a suflix of “A.”

As 1llustrated by the views 200A-200C of FIGS. 2A-2C,
a plate 104 overlaps the isolation corners 106c¢ and 1is
laterally between a pair of source/drain regions 114. A spacer
202 extends laterally along a boundary of the plate 104 to
surround the plate 104. Further, the source/drain regions 114
are laterally spaced 1 a first direction, and are laterally
spaced from the 1solation corners 106¢ 1n a second direction
perpendicular to or substantially perpendicular to the first
direction. In some embodiments, the source/drain regions
114 are spaced from each of the 1solation corners 106¢ by an
amount S 1n the second direction (see FIG. 2B). As noted
above, the FE'T has reduced flicker and random telegraph
noise due this spacing. Further, in some embodiments, the
plate 104 has a planar top layout that 1s H-shaped, and/or has
at more than four sidewalls (e.g., 12 sidewalls). Further vet,
in some embodiments, the plate 104 has a pair of peripheral
plate portions 117p and a central plate portion 117¢. The
peripheral plate portions 117p respectively cover the 1sola-
tion corners 106¢, and the central plate portion 117¢ bridges
the peripheral plate portions 117p.

A first doped region 104a, a second doped region 1045,
and a third doped region 104¢ are within the central plate
portion 117¢ and the peripheral plate portions 117p. The
second dope region 1045 1s disposed between the first doped
region 104a and the third doped region 104¢ and comprises
a doping type opposite that of the first doped region 104a
and the third doped region 104c¢. Further, the second doped
region 1046 extends laterally along a width W of the plate
104 (see FIG. 2A) from a first sidewall of the plate 104 to
a second sidewall of the plate 104. The first doped region
104a and the third doped region 104¢ are respectively on
opposite sides of the second doped region 1045 and are
laterally spaced by the second doped region 1045 along a
length L of the plate 104 (see FIG. 2A). Further, the first
doped region 104a and the third doped region 104¢ each
have a U-shaped planar top layout that wraps around a
respective one of the source/drain regions 114 and that
spaces the second doped region 1045 from the respective
one of the source/drain regions 114. Further yet, the first
doped region 104a and the third doped region 104¢ have the
same doping type and may, for example, also have the same
doping type as the source/drain regions 114. As noted above,
the FET has reduced flicker and random telegraph noise due
to the arrangement and doping types of the first, second, and
third doped regions 104a, 1045, 104¢ altering the work
function of the plate 104 to drive current flow to a deeper
portion of the semiconductor substrate 106.

As 1llustrated by the views 300A-300C of FIGS. 3A-3C,
a plate 302 overlaps the isolation cormners 106¢ and 1is
laterally between a pair of source/drain regions 114. The
plate 302 1s undoped or comprises a single doping type, such
as, for example, n-type or p-type. In some embodiments
where the FET 1s an n-channel MOSFFET, the plate 302

comprises p-type doped polysilicon. In other embodiments,

10

15

20

25

30

35

40

45

50

55

60

65

8

where the FET 1s a p-channel MOSFFET, the plate 302
comprises n-type doped polysilicon. Further, the plate 302
may, for example, be as the plate 104 of FIGS. 2A-2C 1s
described, except that the plate lacks the first, second, and
third doped regions 104a, 1045, 104c.

With reference to FIGS. 4A-4D through 7A-7D, various
views ol various more detailed embodiments of the FET of
FIGS. 1A-1C are provided i which the FET 1s a JFET.
Figures having a suflix of “A” (e.g., FIG. SA) are top layout
views of some embodiments of the JFET. Figures having a
suilix of “B” (e.g., FIG. 6B) are cross-sectional views of
some embodiments of the JFET, taken along line A-A' 1n the
figures having a suflix of “A.” Figures having a suflix of “C”
(e.g., FIG. 4C) are cross-sectional views of some embodi-
ments of the JFET, taken along line B-B' in the figures
having a suflix of “A.” Figures having a suilix of “D” (e.g.,
FIG. SD) are cross-sectional views of some embodiments of

the JFET, taken along line C-C' 1n the figures having a suflix
Of GGA‘??

As 1llustrated by the views 400A-400D of FIGS. 4A-4D,
a plate 402 overlaps the isolation corners 106¢ and 1is
laterally between a pair of source/drain regions 114. The
plate 402 may be, for example, doped polysilicon, metal, or
some other conductive material. The source/drain regions
114 are laterally spaced 1n a first direction, and are laterally
spaced from and between the isolation comers 106¢ 1n a
second direction perpendicular to or substantially perpen-
dicular to the first direction. As noted above, the FET has
reduced flicker and random telegraph noise due to this
spacing. In some embodiments, the source/drain regions 114
have the same doping type, but a higher doping concentra-
tion, than a bulk of the device region 112. A gate region 404
1s over and 1n the device region 112, and 1s laterally between
the source/drain regions 114. Further, the gate region 404 1s
spaced from each of the source/drain regions 114 1n the first
direction. In other embodiments, the gate region 404 1s not
spaced from each of the source/drain regions 114 1n the first
direction. In some embodiments, a first side of the gate
region 404 abuts the selectively-conductive channel 116
(See FIGS. 1A-1D and FIG. 4C), and a second side opposite
the first side abuts the 1solation structure 108 at one of the
1solation corners 106¢. The gate region 404 has an opposite
doping type as the source/drain regions 114 and, in some
embodiments, has an opposite doping type as the bulk of the
device region 112. For example, the source/drain regions
114 may be n-type and the gate region 404 may be p-type,
Or vice versa.

The plate 402 comprises peripheral plate portions 117p
that respectively cover the 1solation corners 106¢, and a
central plate portion 117¢ that bridges the peripheral plate
portions 117p. In some embodiments, the plate 402 has a
concave polygonal layout comprising at least sixteen sides.
Further, the plate 402 comprises a first doped region 104a,
a second doped region 1045, and a third doped region 104c.
The second doped region 1045 1s disposed within the central
plate portion 117¢, and 1n some embodiments, the second
doped region 1045. The second doped region 1045 extends
laterally along the width W of the plate 402, into the
peripheral plate portions 117p, to sidewalls of the plate 402.
In some embodiments, the second doped region 1045 sepa-
rates the first doped region 104q and the third doped region
104¢ from the gate region 404. The second doped region
1045 may, for example, have the same doping type as the
gate region 404, and/or the first and third doped regions
104a, 104¢ may, for example, have an opposite doping type
as the gate region 404. As noted above, the FET has reduced
flicker and random telegraph noise due to the arrangement
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and doping types of the first, second, and third doped regions
104a, 104b, 104¢ altering the work function of the plate 402
to drive current flow into a deeper portion of the selectively-
conductive channel 116 (see, FIGS. 1A-1D and FIG. 4C).

A lateral gate opening 406 1s defined by the plate 402 and,
in some embodiments, the plate dielectric layer 102. The
lateral gate opening 406 extends vertically through the plate
402, from top to bottom, and extends laterally into a side of
the plate 402. The lateral gate opening 406 1s laterally spaced
between the source/drain regions 114 and borders one of the
1solation corners 106¢. In some embodiments, the lateral
gate opening 406 1s at a length-wise center of the plate 402
(1.e., at a center of the length L of the plate 402). Further, the
lateral gate opening 406 overlies the gate region 404. In
some embodiments, the lateral gate opening 406 has a side
that 1s open, and three sides defined by the plate 402 and, 1n
some embodiments, the plate dielectric layer 102.

As 1llustrated by the views 500A-500D of FIGS. SA-5D,
a plate 502 overlaps the isolation corners 106¢ and 1is
laterally between a pair of source/drain regions 114. The
source/drain regions 114 are laterally spaced in a first
direction, and the gate region 404 1s laterally between and
spaced from each source/drain region 114 1n the first direc-
tion. The plate 502 1s undoped or comprises a single doping,
type, such as, for example, n-type or p-type. In some
embodiments, the plate 502 comprises doped polysilicon
with the same doping type as the gate region 404.

As 1llustrated by the views 600A-600D of FIGS. 6 A-6D,
a plate 602 overlaps the isolation corners 106c¢ and 1is
laterally between a pair of source/drain regions 114. The
plate 402 may be, for example, doped polysilicon, metal, or
some other conductive material. The source/drain regions
114 are laterally spaced 1n a first direction, and are laterally
spaced between the isolation comners 106¢ 1 a second
direction perpendicular to or substantially perpendicular to
the first direction. As noted above, the FET has reduced
flicker and random telegraph noise due to the spacing
between the 1solation corners 106¢ and the source/drain
regions 114. In some embodiments, the source/drain regions
114 have the same doping type, but a higher doping con-
centration, than a bulk of the device region 112. A pair of
gate regions 604 1s over and 1n the device region 112, and the
gate regions 604 are laterally between a pair of source/drain
regions 114. Further, the gate regions 604 are each spaced
from the source/drain region 114 1n the first direction, and
are laterally spaced from each other 1n the second direction.
In some embodiments, each of the gate regions 604 has a
first side abutting the selectively-conductive channel 116
(See FIGS. 1A-1C and FIG. 6C), and a second side opposite
the first side abutting the 1solation structure 108 at a respec-
tive one of the 1solation corners 106¢. The gate regions 404
have the same doping type. Further, the gate regions 404
have an opposite doping type as the source/drain regions 114
and, 1n some embodiments, have an opposite doping type as
the bulk of the device region 112.

The plate 602 comprises peripheral plate portions 117p
that respectively cover the 1solation corners 106¢, and a
central plate portion 117¢ that bridges the peripheral plate
portions 117p. In some embodiments, the plate 602 has a
polygonal-shaped layout comprising at least twenty sides.
Further, the plate 602 comprises a first doped region 104a,
a second doped region 1045, and a third doped region 104c.
The second doped region 1045 1s disposed within the central
plate portion 117¢ and extends laterally along the width W
of the plate 602, into the peripheral plate portions 117p, to
sidewalls of the plate 602. In some embodiments, the second
doped region 1045 separates the first doped region 104a and
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the third doped region 104¢ from each of the gate regions
604. The second doped region 1045 may, for example, have
the same doping type as the gate regions 404, and/or the first
and third doped regions 104a, 104¢ may, for example, have
an opposite doping type as the gate regions 404. As noted
above, the FET has reduced flicker and random telegraph
noise due to the arrangement and doping types of the first,
second, and third doped regions 104a, 1045, 104¢ altering
the work function of the plate 602 to drive current flow to a
deeper portion of the selectively-conductive channel 116.

A pair of lateral gate openings 606 1s defined by the plate
602 and, 1n some embodiments, the plate dielectric layer 102
(See FIGS. 6B-6D). The lateral gate openings 606 extend
vertically through the plate 602, from top to bottom, and
extend laterally into sides of the plate 602. The lateral gate
openings 606 are cach laterally spaced between the source/
drain regions 114. In some embodiments, the lateral gate
openings 606 arc at a length-wise center of the plate 602
(1.e., at a center of the length L of the plate 602). Further, the
lateral gate openings 606 are respectively on opposite sides
of the plate 602 and respectively overlie the gate regions
604. In some embodiments, the lateral gate openings 606 are
laterally spaced along the width W of the plate 602. Further,
in some embodiments, the lateral gate openings 606 each
have a side that 1s open, and three sides defined by the plate
602 and, 1n some embodiments, the plate dielectric layer
102.

As 1illustrated by the views 7T00A-700D of FIGS. 7TA-7D,
a plate 702 overlaps the isolation corners 106c and 1is
laterally between a pair of source/drain regions 114. The
source/drain regions 114 are laterally spaced in a first
direction, and the gate regions 604 are laterally spaced 1n a
second direction orthogonal or substantially orthogonal to
the first direction. Further, each of the gate regions 604 are
laterally spaced from the source/drain regions 114 1n the first
direction. The plate 702 1s undoped or comprises a single
doping type, such as, for example, n-type or p-type. In some
embodiments, the plate 702 comprises doped polysilicon

with the same doping type as the gate regions 404.
With reference to FIGS. 8A-8D through 17A-17D, a

series of views 800A-800D through 1700A-1700D of some
embodiments of a method for manufacturing a FET with
reduced flicker and random telegraph noise 1s provided.
Figures having a suflix of “A” (e.g., FIG. 8A) are top views
of the FET under manufacture. Figures having a suflix of
“B” (e.g., FIG. 9B) are cross-sectional views of the FET
manufacture, taken along line A-A' 1 the figures having a
suilix of “A”. Figures having a sullix of “C” (e.g., FIG. 10C)
are cross-sectional views of the FET under manufacture,
taken along line B-B' 1n the figures having a suflix of “A”.
Figures having a suflix of “D” (e.g., FIG. 11D) are cross-
sectional views of the FE'T under manufacture, taken along
line C-C" 1n the figures having a sutlix of “A”. The FE'T may,
for example, be the FET of FIGS. 4A-4D.

As 1illustrated by the views 800A-800D of FIGS. 8A-8D,
an 1solation structure 108 1s formed over the semiconductor
substrate 106, sunken into a top of the semiconductor
substrate 106. Further, the 1solation structure 108 1s formed
demarcating a device region 112 of the semiconductor
substrate 106. In some embodiments, the device region 112
of the semiconductor substrate 106 has a polygonal layout,
and/or the 1solation structure 108 has a polygonal ring-
shaped layout. The 1solation structure 108 may be, for
example, an STI or DTI region, and/or the semiconductor
substrate 106 may be, for example, a bulk substrate of
monocrystalline or polycrystalline silicon or some other type
of semiconductor substrate.
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In some embodiments, a process for forming the 1solation
structure 108 comprises performing an etch into the semi-
conductor substrate 106 to form a trench in the semicon-
ductor substrate 106, and subsequently filling the trench
with a dielectric matenial. The trench may, for example, be
formed with the desired layout of the 1solation structure,
and/or the dielectric material may be, for example, silicon
dioxide.

As 1llustrated by the views 900A-900D of FIGS. 9A-9D,
in some embodiments, a well 902 1s formed 1n the device
region 112 of the semiconductor substrate 106. The well 902
1s a region of the semiconductor substrate 106 having an
n-type doping or a p-type doping. Further, in some embodi-
ments, the well 902 has a doping type opposite that of
adjoining regions of the semiconductor substrate 106, or the
adjoimning regions ol the semiconductor substrate 106 are
intrinsic. The well 902 may, for example, be formed by 10n
implantation.

As 1llustrated by the views 1000A-1000D of FIGS. 10A-
10D, a dielectric layer 1002 and a conductive layer 1004 are
tformed on the 1solation structure 108 and the device region
112 of the semiconductor substrate 106, such that the
conductive layer 1004 overlies the dielectric layer 1002. The
dielectric layer 1002 may, for example, be silicon dioxide, a
high K« dielectric, or some other dielectric, and/or the con-
ductive layer 1004 may be, for example, doped polysilicon,
metal, or some other conductive. In other embodiments, the
conductive layer 1004 1s polysilicon that undergoes a sub-
sequent doping process by, for example, 10on 1mplantation.

In some embodiments, a process for forming the dielectric
layer 1002 and the conductive layer 1004 comprises depos-
iting or growing the dielectric layer 1002 on the 1solation
structure 108 and the device region 112 of the semiconduc-
tor substrate 106, and subsequently depositing or growing,
the conductive layer 1004 on the dielectric layer 1002. The
dielectric layer 1002 may, for example, be deposited or
grown by thermal oxidation, chemical or physical vapor
deposition, sputtering, or some other deposition or growth
process. The conductive layer 1004 may, for example, be
deposited or grown by chemical or physical vapor deposi-
tion, sputtering, electrochemical plating, electroless plating,
or some other deposition or growth process.

As 1llustrated by the views 1100A-1100D of FIGS. 11 A-
11D, the conductive layer 1004 (see FIGS. 10A-10D) and
the dielectric layer 1002 (see FIGS. 10A-10D) are patterned
respectively into a plate 402 and a plate dielectric layer 102.
The plate 402 and the plate dielectric layer 102 are stacked
on the 1solation structure 108 and the device region 112 of
the semiconductor substrate 106, such that plate 402 overlies
the plate dielectric layer 102. Further, the plate 402 and the
plate dielectric layer 102 overlap a pair of 1solation corners
106¢ of the semiconductor substrate 106. The isolation
corners 106c¢ are top cross-sectional corners of the semicon-
ductor substrate 106 that border the i1solation structure 108
in the device region 112 and that adjoin the plate dielectric
layer 102. Further, the 1solation corners 106¢ are line shaped
and extend laterally 1n parallel 1n a first direction from a first
end of the device region 112 to a second end of the device
region 112 opposite the first end. The plate 402 and the plate
dielectric layer 102 define a pair of lateral plate openings 118
respectively on the first and second ends of the device region
112. Further, the lateral plate openings 118 are each laterally
spaced between the 1solation corners 106¢ 1n the second
direction. Further, in some embodiments, the plate 402 and
the plate dielectric layer 102 define a lateral gate openming,
406 that 1s laterally spaced between the lateral plate open-
ings 118 1n the first direction and that borders one of the
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1solation corners 106c¢. In further embodiments, the lateral
gate opening 406 1s paired with another lateral gate opening
on an opposite side of the plate 104. See, for example, FIGS.
6A-6D.

In some embodiments, the plate 402 and the plate dielec-
tric layer 102 have a polygonal-shaped layout comprising
sixteen sides. In other embodiments, the polygonal shaped-
layout has more (or less) than sixteen sides. Further, in some
embodiments, the plate 402 and the plate dielectric layer 102
have a plurality of peripheral plate portions 117p and a
central plate portion 117¢. The peripheral plate portions
117p protrude from the central plate portion 117¢. In some
embodiments, a first one the peripheral plate portions 117p
extends laterally in the first direction, from the first end of
the device region 112 to the second end of the device region
112. A second one of the peripheral plate portions 117p
extends laterally in the first direction, from the first end of
the device region 112 to a first side of the lateral gate
opening 406. A third one of the peripheral plate portions
117p extends laterally in the first direction, from a second
side of the lateral gate opening 406 opposite the first side to
the second end of the device region 112. Further, the
peripheral plate portions 117p respectively cover the 1sola-
tion corners 106¢. The central plate portion 117¢ 1s between
the peripheral plate portions 117p, and interconnects the
peripheral plate portions 117p.

In some embodiments, a process for patterning the con-
ductive layer 1004 and the dielectric layer 1002 into the
plate 402 and the plate dielectric layer 102 comprises
forming a patterned photoresist layer (not shown) on the
conductive layer 1004. The patterned photoresist layer may,
for example, be formed by a spin on process. The patterned
photoresist layer may, for example, be patterned with a
layout of the plate 402 and may, for example, be patterned
using photolithography. Further, in some embodiments, the
process comprises performing an etch into the conductive
layer 1004 and the dielectric layer 1002 with the patterned
photoresist layer 1in place, and subsequently stripping the
patterned photoresist layer.

As 1llustrated by the views 1200A-1200D of FIGS. 12A-
12D, 1n some embodiments, a pair of lightly-doped source/
drain extensions 1202 1s formed 1n the device region 112 of
the semiconductor substrate 106. The lightly-doped source/
drain extensions 1202 are respectively on opposite sides of
the device region 112 of the semiconductor substrate 106,
and respectively underlie the lateral plate openings 118 1n
the plate dielectric layer 102 and the plate 402. Further, the
lightly-doped source/drain extensions 1202 are laterally
spaced from one another in a first direction, and are laterally
spaced from the 1solation corners 106¢ 1n a second direction
transverse (e.g., perpendicular or substantially perpendicu-
lar) to the first direction. In some embodiments (e.g., where
the FET 1s a MOSFET), the lightly-doped source/drain
extensions 1202 may, for example, be doped regions of the
semiconductor substrate 106 with an opposite doping type as
the well 902. In other embodiments (e.g., where the FET 1s
a JFET), the lhghtly-doped source/drain extensions 1202
may, for example, be doped regions of the semiconductor
substrate 106 with the same doping type as the well 902, but
a different doping concentration as the well 902. In yet other
embodiments, the lightly-doped source/drain extension
1202 are not formed. In some embodiments, the lightly-
doped source/drain extensions 1202 may, for example, be
formed by 1on implantation, and/or may, for example, be
formed using the plate 402 as a mask.

In some embodiments, a lightly-doped gate extension
1204 1s also formed i1n the device region 112 of the semi-
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conductor substrate 106. The lightly-doped gate extension
1204 underlies the lateral gate opeming 406 i1n the plate
dielectric layer 102 and the plate 402, and further has a
single sidewall adjoining the 1solation structure 108 at one of
the 1solation corners 106¢. In some embodiments, the
lightly-doped gate extension 1204 1s paired with another
lightly-doped gate extension 1204 on an opposite side of the
plate 104 and underlying another lateral gate opening 606.
See, for example, FIGS. 6A-6D. The lightly-doped gate
extension 1204 may, for example, be a doped region of the
semiconductor substrate 106 with a diflerent doping type as
the well 902. In some embodiments, the lightly-doped gate
extension 1204 1s formed by i1on implantation, and/or
formed using the plate 402 as a mask. In some embodiments,
when forming both the lightly-doped source/drain exten-
sions 1202 and the lightly-doped gate extension 1204, a
photoresist mask 1s employed to cover the lightly-doped
source/drain extensions 1202 while forming the lightly-
doped gate extension 1204 by ion implantation process, or
vICe versa.

As 1llustrated by the views 1300A-1300D of FIGS. 13A-
13D, a spacer 202 1s formed on sidewalls of the plate 402
and the plate dielectric layer 102. Further, 1n some embodi-
ments, the spacer 202 1s formed completely enclosing the
plate 402 and the plate dielectric layer 102. The spacer 202
may, for example, be silicon nitride, silicon dioxide, some
other dielectric, or a combination of the foregoing.

In some embodiments, a process for forming the spacer
202 comprises depositing or growing a spacer layer covering
and conformally lining the structure 1n FIGS. 12A-12D. The
spacer layer may, for example, be deposited or grown by
chemical or physical vapor deposition, sputtering, or some
other deposition or growth process. Further, i some
embodiments, the process comprises performing an etch
back into the spacer layer to remove horizontal segments of
the spacer layer without removing vertical segments of the
spacer layer. A remaining vertical segment corresponds to
the spacer 202.

As 1llustrated by the views 1400A-1400D of FIGS. 14A-
14D, a pair of source/drain regions 114 1s formed in the
device region 112 of the semiconductor substrate 106, and a
first doped region 104a and a third doped region 104c¢ are
formed 1n the plate 402. The source/drain regions 114 are
formed laterally spaced from one another 1n a first direction,
and laterally spaced from the isolation corners 106¢ 1n a
second direction transverse (e.g., perpendicular or substan-
tially perpendicular) to the first direction. As noted above,
the FE'T has reduced flicker and random telegraph noise due
to the spacing between the 1solation corners 106¢ and the
source/drain regions 114. Further, the source/drain regions
114 are respectively on opposite sides of the device region
112 of the semiconductor substrate 106, and respectively
underlie the lateral plate openings 118 1n the plate dielectric
layer 102 and the plate 402. The source/drain regions 114
respectively adjoin the lightly-doped source/drain exten-
sions 1202. In some embodiments (e.g., where the FET 1s a
JFET), the source/drain regions 114 may, for example, be
regions of the semiconductor substrate 106 with the same
doping type as the well 902. In other embodiments (e.g.,
where the FET 1s a MOFSET), the source/drain regions 114
may, for example, be regions of the semiconductor substrate
106 with an opposite doping type as the well 902. Further,
the source/drain regions 114 may, for example, have the
same doping type (e.g., p-type or n-type) as the lightly-
doped source/drain extensions 1202 and/or a higher doping
concentration than the lightly-doped source/drain extensions

1202.
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The first doped region 104a and the third doped region
104¢ are formed laterally spaced from one another 1n a first
direction by the second region 1045'. The first doped region
104a of the plate 402 wraps around one of the source/drain
regions 114, and the third doped region 104¢ of the plate 402
wraps around another one of the source/drain regions 114.
Further, in some embodiments, the first doped region 104a
and the third doped region 104¢ are each laterally spaced
from the lateral gate opening 406 1n the first direction. In
some embodiments, the first doped region 104q and the third
doped region 104¢ may, for example, be regions of the plate
402 with the same doping type as the source/drain regions
114.

In some embodiments, a process for forming the source/
drain regions 114, the first doped region 1044, and the third
doped region 104¢ comprises forming a patterned photore-
sist layer (not shown) on the structure in FIGS. 13A-13D
and subsequently performing an 1on implantation process.
The patterned photoresist layer may, for example, be formed
by a spin on process. The patterned photoresist layer may,
for example, be patterned with a layout covering structure
surrounding the device region 112, and further covering the
exposed lightly-doped gate extension 1204 and the second
region 1045'. Further, 1n some embodiments, the process
comprises performing an 10n implantation into the plate 402
and the semiconductor substrate 106 with the patterned
photoresist layer in place, and subsequently stripping the
patterned photoresist.

As 1llustrated by the views 1500A-1500D of FIGS. 15A-
15D, a gate region 404 1s formed 1n the device region 112 of
the semiconductor substrate 106, and a second doped region
10456 1s formed in the plate 104. The gate region 404 1s
formed laterally between and spaced from the source/drain
regions 114. Further, the gate region 404 adjoins a single
sidewall of the 1solation structure 108 at one of the 1solation
corners 106¢, and underlies the lateral gate opening 406 1n
the plate dielectric layer 102 and the plate 402. In some
embodiments, the gate region 404 1s paired with another gate
region on an opposite side of the plate 104. See, for example,
FIGS. 6A-6D. In some embodiments, the gate region 404
adjoins the lightly-doped gate extensions 1204. The gate
region 404 may, for example, be a region of the semicon-
ductor substrate 106 with an opposite doping type as the
source/drain regions 114 and/or the well 902. Further, the
gate region 404 may, for example, have the same doping
type (e.g., p-type or n-type) as the lightly-doped gate exten-
sion 1204 and/or a higher doping concentration than the
lightly-doped gate extension 1204.

The second doped region 1045 1s formed in the plate 402
between the first doped region 104a and the third doped
region 104¢, such that the second doped region 10456 1s
laterally spaced from the source/drain regions 114 by the
first doped region 104a and the third doped region 104c.
Further, 1n some embodiments, the second doped region
1045 wraps around the lateral gate opening 406. In some
embodiments, the second doped region 1045 1s a region of
the plate 402 with the same doping type as the gate region
404. As noted above, the FET has reduced flicker and
random telegraph noise due to the arrangement and doping
types of the first, second, and third doped regions 104a,
1045, 104¢ altering the work function of the plate 104 to
drive current flow deeper into the selectively-conductive
channel 116.

In some embodiments, a process for forming the gate
region 404 and the second doped region 1045 comprises
forming a patterned photoresist layer (not shown) on the
structure 1n FIGS. 14 A-14D and subsequently performing an
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ion 1mplantation process. The patterned photoresist layer
may, for example, be formed by a spin on process. The
patterned photoresist layer may, for example, be patterned
with a layout covering the first doped region 1044, the third
doped region 104c¢, and the source/drain regions 114, such
that a top surface of the plate 402 1s partially exposed
between the first doped region 104a and the third doped
region 104¢. Further, in some embodiments, the process
comprises performing an 10n implantation 1nto the plate 402
and the semiconductor substrate 106 with the patterned
photoresist layer in place, and subsequently stripping the

patterned photo resist.

As 1llustrated by the views 1600A-1600D of FIGS. 16A-
16D, 1n some embodiments, silicide layers 1602 are formed
on the source/drain regions 114 and the gate region 404.
Further, 1n some embodiments, an additional silicide layer
(not shown) 1s formed on the first doped region 104qa, the
second doped region 104H, and/or the third doped region
104c. The silicide layers 1602 may, for example, be nickel
silicide, titamum silicide, cobalt silicide, platinum silicide,
tungsten silicide, or some other transition metal silicide.

In some embodiments, a process for forming the silicide
layers 1602 comprises depositing a transition metal layer
covering the structure of FIGS. 15A-13D, and subsequently
heating the transition metal layer so 1t reacts with exposed
silicon to form the silicide layers 1602. Further, in some
embodiments, the process comprising removing unreacted
material of the transition metal layer by an etch. The process
may, for example, be a seli-aligned process.

As 1llustrated by the views 1700A-1700D of FIGS. 17A-
17D, an ILD layer 1702 1s formed covering the structure of
FIGS. 16 A-16D. The ILD layer 1702 may, for example, be
tformed with a planar top surface, and/or may, for example,
be formed of oxide, nitride, a low K dielectric, some other
dielectric, or a combination of the foregoing.

In some embodiments, a process for forming the ILD
layer 1702 comprises depositing or growing the ILD layer
1702 covering the structure of FIGS. 16 A-16D, and subse-
quently performing a planarization into the ILD layer 1702.
The depositing or growing may, for example, be formed by
chemical or physical vapor deposition, sputtering, some
other deposition or growth process, or a combination of the
foregoing. The planarization may, for example, be per-
formed by chemical mechanical polishing (CMP).

Also 1llustrated by the views 1700A-1700D of FIGS.
17A-17D, contact vias 1704 are formed extending through
the ILD layer 1702 to the source/drain regions 114 and/or the
silicide layers 1602. The silicide layers 1602 facilitate ohmic

contacts between the contact vias 1704 and the source/drain
regions 114. Further, the contact vias 1704 are formed
extending through the ILD layer 1702 to the first, second,
and/or third doped region 104a, 104bH, 104¢ and/or an
additional silicide layer (not shown) on the first, second,
and/or third doped region 104a, 1045, 104c.

In some embodiments, a process for forming the contact
vias 1704 comprises performing an etch into the ILD layer
1702 to form contact-via openings corresponding to the
contact vias 1704. The etch may be, for example, performed
using photolithography. Further, in some embodiments, the
process comprises filling the contact-via openings with a
conductive material. The contact-via openings may, for
example, be filled by depositing or growing a conductive
layer covering the ILD layer 1702 and filling the contact-via
openings, and subsequently performing a planarization into
the ILD layer and the conductive layer. The planarization
may, for example, be performed by CMP. The process may,
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for example, be part of a single damascene like process or
a dual damascene like process.

While not shown, additional dielectric layers and conduc-
tive features may be subsequently formed on the ILD layer
1702. For example, one or more additional ILD layers,
wires, inter-wire vias, and/or passivation layers may be

formed on the ILD layer 1702.

Further, although FIGS. 8 A-8D through 17A-17D 1llus-
trate a process for forming the embodiment depicted 1n FIG.
4A-4D, 1t 1s appreciated that a person of ordinary skill could
implement the steps above (or substantially similar steps) to

form the embodiments depicted in FIGS. 2A-2C, FIGS.
3A-3D, and FIGS. 5A-5D through 7A-7D.
With reference to FIG. 18, a flowchart 1800 of some

embodiments of the method for forming a FET with reduced
tflicker and random telegraph noise 1s provided. While the
disclosed method and other methods illustrated and/or
described herein may be illustrated and/or described herein
as a series of acts or events, it will be appreciated that the
illustrated ordering of such acts or events are not to be
interpreted 1n a limiting sense. For example, some acts may
occur 1n different orders and/or concurrently with other acts
or events apart from those illustrated and/or described
herein. Further, not all illustrated acts may be required to
implement one or more aspects or embodiments of the
description herein, and one or more of the acts depicted
herein may be carried out in one or more separate acts and/or
phases.

At 1802, an 1solation structure 1s formed 1n a semicon-
ductor substrate. The 1solation structure demarcates a device
region of the semiconductor substrate. The device region has
a first top corner and a second top corner that are line-shaped
and that extend laterally in parallel from a first end of the
device region to a second end of the device region. See, for
example, FIGS. 8A-8D.

At 1804, in some embodiments, a well 1s formed 1n the
device region. See, for example, FIGS. 9A-9D.

At 1806, a plate 1s formed overlying the device region and
the first and second top corners of the device region, where
a planar top layout of the plate defines a pair of lateral plate
openings respectively on the first end of the device region
and the second end of the device region, spaced from the first
and second top corners, and further defines a lateral gate
opening on a side of the device region, laterally spaced from
and between the lateral plate openings. See, for example,
FIGS. 10A-10D and 11A-11D.

At 1808, 1n some embodiments, a pair of lightly-doped
source/drain extensions 1s formed in the device region,
respectively through the lateral plate openings. Further, in
some embodiments, a lightly-doped gate extension 1s
formed 1n the device region, through the lateral gate open-
ing. See, for example, FIGS. 12A-12D.

At 1810, a spacer 1s formed lining sidewalls of the plate
and enclosing the plate. See, for example, FIGS. 13A-13D.

At 1812, a pair of source/drain regions 1s formed 1n the
device region, respectively through the lateral plate open-
ings and respectively overlapping the lightly-doped source/
drain extensions. Further, a first doped region and a third
doped region are formed in the plate. See, for example,
FIGS. 14A-14D.

At 1814, a gate region 1s formed 1n the device region,
respectively through the lateral gate opening and respec-
tively overlapping the lightly-doped gate extension. Further,
a second doped region 1s formed 1n the plate between the
first doped region and the third doped region. See, for

example, FIGS. 15A-15D.




US 10,658,482 B2

17

At 1816, 1n some embodiments, silicide layers are formed
on the source/drain regions, the gate region, and the plate.
See, for example, FIGS. 16 A-16D.

At 1818, an ILD layer 1s formed covering the source/drain
regions, the gate region, the isolation structure, the semi-
conductor substrate, and the plate. See, for example, FIGS.
17A-17D.

At 1820, contact vias are formed extending through the
ILD layer to the silicide layers and the plate. See, for
example, FIGS. 17A-17D.

By spacing lateral plate openings from the first and
second top corners, the source/drain regions and the lightly-
doped source/drain extensions are also spaced from the first
and second top corners. This, 1n turn, decreases source-drain
current flowing along the first and second top corners,
thereby reducing flicker and random telegraph noise. Fur-
ther, by doping the plate, the work function of the plate can
be manipulated to push source-drain current deep into the
device region and away from a top surface of the device
region. This may further reduce flicker and random tele-
graph noise by reducing current flow at the top surface,
where there 1s a high concentration of defect states.

Thus, as can be appreciated from above, the present
application relates to a plate design (and related method) to
decrease flicker and random telegraph noise 1n semiconduc-
tor devices that 1s attributed to defects along STI corners and
defects along the interface between the device region and the
plate dielectric layer.

Accordingly, 1n some embodiments, the present applica-
tion provides a semiconductor device. "

T'he semiconductor
device includes a semiconductor substrate having a device
region. An 1solation structure extends laterally 1n a closed
path to demarcate the device region. A first source/drain
region and a second source/drain region are in the device
region and laterally spaced. A sidewall of the first source/
drain region directly contacts the 1solation structure at a first
isolation structure sidewall. The remaining sidewalls of the
first source/drain region are spaced from the 1solation struc-
ture. A selectively-conductive channel 1s 1n the device region
and extends laterally from the first source/drain region to the
second source/drain region. The semiconductor device fur-
ther includes a plate having a central portion and a first
peripheral portion. The central portion overlies the selec-
tively-conductive channel, and the first peripheral portion
protrudes from the central portion towards the first 1solation
structure sidewall.

In other embodiments, the present application provides a
semiconductor device having a semiconductor substrate. A
pair of source/drain regions 1s 1n the semiconductor sub-
strate. The source/drain regions share a first doping type and
are laterally spaced. A selectively-conductive channel 1s 1n
the semiconductor substrate. The selectively-conductive
channel extends laterally from one of the source/drain
regions to another one of the source/drain regions. The
semiconductor device further includes a polysilicon plate
having a first doped region, a second doped region, and a
third doped region. The second doped region overlies the
selectively-conductive channel and i1s between the first
doped region and the third doped region. The first and third
doped regions respectively wrap around the source/drain
regions and have the first doping type. The second doped
region has a second doping type that 1s opposite the first
doping type.

In yet other embodiments, the present application pro-
vides a method for manufacturing a semiconductor device.
An 1solation structure 1s formed 1n a semiconductor sub-
strate. The 1solation structure demarcates a device region of
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the semiconductor substrate. A plate 1s formed overlying the
device region of the semiconductor substrate. The plate
wraps around a first portion of the device region and a
second portion of the device region. The first and second
portions of the device region are on opposite sides of the
device region and are separated by the plate. Further, the first
and second portions of the device region each have a single
sidewall adjoining the isolation structure. A first doping
process 1s performed to implant first dopants into the device
region of the semiconductor substrate. The first doping
process 1s performed with the plate in place and forms a pair
ol source/drain regions, where the source/drain regions are
respectively in the first portion of the device region and the
second portion of the device region.

The foregoing outlines features of several embodiments
so that those skilled in the art may better understand the
aspects of the present disclosure. Those skilled in the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled 1n the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.

What 1s claimed 1s:

1. A semiconductor device comprising:

a semiconductor substrate comprising a device region;

an 1solation structure extending laterally 1 a closed path
to demarcate the device region;

a first source/drain region and a second source/drain
region 1n the device region and laterally spaced,
wherein a sidewall of the first source/drain region
directly contacts the i1solation structure at a first 1sola-
tion structure sidewall, and wherein remaining side-
walls of the first source/drain region are spaced from
the 1solation structure;

a selectively-conductive channel in the device region,
wherein the selectively-conductive channel extends lat-
erally from the first source/drain region to the second
source/drain region; and

a plate comprising a central portion and a first peripheral
portion, wherein the central portion overlies the selec-
tively-conductive channel, and wherein the first periph-
eral portion protrudes from the central portion towards
the first 1solation structure sidewall.

2. The semiconductor device of claim 1, wherein the plate
wraps around the first source/drain region, along the remain-
ing sidewalls of the first source/drain region.

3. The semiconductor device of claim 1, wherein the plate
comprises a second peripheral portion, wherein the second
peripheral portion protrudes from the central portion
towards the first 1solation structure sidewall on an opposite
side of the first source/drain region as the first peripheral
portion , and wherein both the central portion and the first
source/drain region are disposed between the first and sec-
ond peripheral portions.

4. The semiconductor device of claim 3, wherein:

a perimeter of the central portion 1s disposed within a

perimeter of the device region;

the first peripheral portion directly overlies a first portion
of the device region and a first portion of the 1solation
structure; and
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the second peripheral portion directly overlies a second
portion of the device region and a second portion of the
1solation structure.

5. The semiconductor device of claim 4, wherein:

the first peripheral portion has a first area;

the second peripheral portion has a second area; and

the central portion has a third area that 1s greater than both
the first area and the second area.

6. The semiconductor device of claim 1, further compris-
ng:

a first gate region within the device region, wherein a first
stdewall of the first gate region adjoins the 1solation
structure, wherein a second sidewall of the first gate
region adjoins the selectively-conductive channel, and
wherein remaining sidewalls of the first gate region and
the second sidewall of the first gate region are com-
pletely spaced from the 1solation structure.

7. The semiconductor device of claim 6, wherein the plate
wraps around the first gate region, along the second sidewall
of the first gate region and the remaining sidewalls of the
first gate region.

8. The semiconductor device of claim 6, wherein the plate
comprises a second peripheral portion and a third peripheral
portion, wherein the second and third peripheral portions
protrude from the central portion, wherein the first gate
region 1s disposed directly between the second and third
peripheral portions, and wherein the first source/drain region
1s disposed directly between the first and second peripheral
portions.

9. The semiconductor device of claim 8, further compris-
ng:

a second gate region within the device region, wherein a
first sidewall of the second gate region adjoins the
1solation structure, wherein a second sidewall of the
second gate region adjoins the selectively-conductive
channel, wherein remaining sidewalls of the second
gate region and the second sidewall of the second gate
region are completely spaced from the 1solation struc-
ture, and wherein the first and second gate regions are
on opposite sides of the selectively-conductive channel.

10. The semiconductor device of claim 9, wherein the
plate comprises a fourth peripheral portion protruding from
the central portion, wherein the first gate region 1s disposed
directly between the second and third peripheral portions,
wherein the second gate region 1s disposed directly between
the first and fourth peripheral portions, wherein the first
source/drain region 1s disposed directly between the first and
second peripheral portions, and wherein the second source/
drain region 1s disposed directly between the third and fourth
peripheral portions.

11. The semiconductor device of claim 10, wherein a
sidewall of the second source/drain region directly contacts
the 1solation structure at a second 1solation structure side-
wall, wherein the first and second i1solation structure side-
walls are on opposite sides of the device region, and wherein
remaining sidewalls of the second source/drain region are
spaced from the 1solation structure.

12. The semiconductor substrate of claim 1, wherein the
plate has more than four sidewalls.

13. A semiconductor device comprising:

a semiconductor substrate;

a pair of source/drain regions in the semiconductor sub-
strate, wherein the source/drain regions share a first
doping type and are laterally spaced;

a selectively-conductive channel in the semiconductor
substrate, wherein the selectively-conductive channel
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extends laterally from one of the source/drain regions
to another one of the source/drain regions; and

a polysilicon plate comprising a first doped region, a
second doped region, and a third doped region, wherein
the second doped region 1s between the first and third
doped regions and overlies the selectively-conductive
channel, wheremn the first and third doped regions
respectively wrap around the source/drain regions and
comprise the first doping type, and wherein the second
doped region comprises a second doping type opposite
the first doping type.

14. The semiconductor device of claim 13, wherein the
first doped region of the polysilicon plate 1s disposed
between the one of the source/drain regions and the second
doped region of the polysilicon plate, and wherein the third
doped region of the polysilicon plate 1s disposed between the
another one of the source/drain regions and the second
doped region of the polysilicon plate.

15. The semiconductor device of claim 13, wherein the
first and third doped regions each have a planar top layout
that 1s U-shaped, and wherein the second doped region has
a planar top layout that 1s line shaped.

16. The semiconductor device of claim 13, further com-
prising:

an 1solation structure extending laterally 1 a closed path
to demarcate a device region of the semiconductor
substrate, wherein the device region comprises the
source/drain regions and the selectively-conductive
channel; and

wherein the source/drain regions adjoin the 1solation
structure at a first 1solation structure sidewall and a
second 1solation structure sidewall, respectively, and
wherein remaining sidewalls of both of the source/drain
regions are spaced from the 1solation structure.

17. The semiconductor device of claim 16, wherein the
polysilicon plate comprises: a central portion, a first periph-
eral portion, and a second peripheral portion, wherein:

the central portion overlies the selectively-conductive
channel;

the first peripheral portion protrudes from the central
portion toward the first 1solation structure sidewall on
a first side of the one of the source/drain regions; and

the second peripheral portion protrudes from the central
portion toward the first 1solation structure sidewall on
a second side of the one of the source/drain regions
opposite the first side of the one of the source/drain
regions.

18. A semiconductor device comprising:

a semiconductor substrate comprising a device region;

an 1solation structure extending laterally 1 a closed path
to demarcate the device region;

a first source/drain region and a second source/drain
region disposed 1n the device region, wherein the first
and second source/drain regions share a first doping
type and are laterally spaced;

a selectively-conductive channel disposed in the device
region and extending laterally from the first source/
drain region to the second source/drain region;

a first gate region disposed 1n the device region, wherein
the first gate region adjoins a first side of the selec-
tively-conductive channel between the first and second
source/drain regions; and

a polysilicon plate comprising a first doped region having,
the first doping type, a second doped region having a
second doping type opposite the first doping type, and
a third doped region having the first doping type,
wherein the first doped region wraps around at least
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three sides of the first source/drain region, wherein the
third doped region wraps around at least three sides of
the second source/drain region, and wherein the second
doped region wraps around at least three sides of the
first gate region. 5

19. The semiconductor device of claim 18, wherein:

the first doped region overlies a first portion of the
selectively-conductive channel;

the second doped region overlies a second portion of the
selectively-conductive channel; 10

the third doped region overlies a third portion of the
selectively-conductive channel; and

the second portion of the selectively-conductive channel
1s disposed between the first portion of the selectively-
conductive channel and the second portion of the 15
selectively-conductive channel.

20. The semiconductor device of claim 18, further com-

prising:

a second gate region disposed in the device region,
wherein the second gate region adjoins a second side of 20
the selectively-conductive channel between the first
and second source/drain regions, wherein the second
side of the selectively-conductive channel 1s opposite
the first side of the selectively-conductive channel, and
wherein the second doped region wraps around at least 25
three sides of the second gate region.
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